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ABSTRACT : PROBLEM TO BE SOLVED: To evaluate imaging performance based on separation 

components by separating wavefront aberration having passed an optical system into a 
rotational symmetry component around an iris of the optical system and odd/even number 
symmetry components. 

SOLUTION: A light flux emitted from a light source 1 1 emitting light with a specific 
wavelength below 400 nm, for example, 248.4 nm passes through an illumination optical 
system 12 and illuminates a pattern on a mask 13 with a uniform illuminance. The light flux 
having passed the pattern forms a pattern image on a photosensitive surface on a wafer 
1 5 via a projecting optical system 1 4 so that the pattern image is transferred on the 
' photosensitive surface. For evaluating the imaging performance of the projecting optical 

system 14, the wavefront aberration on the imaging wavefront having passed the 
projection optical system 14 is firstly measured. Then, the wavefront aberration obtained 
by defining the coordinate system on the emission iris plane of the projection optical 
system 14 is expressed on the coordinates and expanded to orthogonal functions. For 
separating the wavefront aberration into the rotational symmetry component around the 
iris of the optical system and the odd number symmetry component and even number 
symmetry component, a polar coordinate is used and Zernike's cylindrical functions is also 
used as an orthogonal function. 
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[Title of the Invention] 

Evaluating Method of Optical System 

5 

[Abstract] 

[Object] To provide an evaluating method for indicating 
image forming quality of an optical system with higher 
accuracy based on wavefront aberration of the optical 
10 system. 

[Solution] In a method of evaluating the image forming 
quality of an optical system 14, wavefront aberration W 

(p, 9) having passed through the optical system 14 is 
devided into a rotational symmetry component W rot (p, 9) 
15 around a center of a pupil, an odd symmetry component W odd 

(p, 9) and an even symmetry component W ev n (p, 9) , and the 
image forming quality of the optical system is evaluated 
based on the respective components W rot , W 0 dd and W eV n- 

20 [What is Claimed is] 

[Claim 1] A method of evaluating image forming quality of 
an optical system, wherein wavefront aberration having 
passed through said optical system is divided into a 
rotational symmetry component around a center of a pupil 

25 of said optical system, an odd symmetry component and an 
even symmetry component, and the image forming quality of 
said optical system is evaluated based on said respective 
divided components. 
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[Claim 2] The method according to Claim 1, wherein the 
image forming quality of said optical system is evaluated 
based on a root-mean-square value of each of said 
rotational symmetry component, said odd symmetry 
5 component and said even symmetry component. 

[Claim 3] The method according to one of Claims 1 and 2, 
wherein said optical system is a projection optical 
system of an exposure apparatus for optical lithography 
used in a specific wavelength range not more than 400nm. 

10 [Claim 4] A making method of a projection optical system 
which projects an image of a predetermined pattern formed 
on a projection original plate onto a photosensitive 
substrate, comprising : 

a first process of measuring wavefront aberration of 

15 a projection optical system; 

a second process of dividing said wavefront 
aberration measured in the first process into a 
rotational symmetry component around a center of a pupil 
of said projection optical system, an odd symmetry 

20 component and an even symmetry component; and 

a third process of adjusting said projection optical 
system based on said respective components divided in the 
second process. 

[Claim 5] A projection exposure apparatus which projects 
25 and transfers an image of a predetermined pattern formed 
on a projection original plate onto a photosensitive 
substrate, comprising : 

a projection optical system made in the method 
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according to Claim 4 . 

[Detailed Description of the Invention] 
[0001] 

5 [Technical Field to Which the Invention Pertains] 

The present invention is related to a method of 
evaluating image forming quality of an optical system, 
and more particularly, to a method of evaluating the 
image forming quality of a projection optical system used 
10 in an exposure apparatus for optical lithography. 

[0002] 

[Prior Art] 

In an exposure apparatus for producing semiconductor 
devices such as LSI, liquid crystal display devices, thin 

15 magnetic head and like, a pattern on a projection 

original plate such as a mask or a reticle is projected 
and transferred onto a photosensitive substrate such as a 
wafer or a glass plate. As the types of projection 
optical systems, there are a refraction projection 

20 optical system made up of lenses which light having 

exposure wavelength passes through and is refracted, a 
reflection projection optical system made up of mirrors 
which reflects the light having exposure wavelength, and 
a catadioptric projection optical system made up of 

25 lenses and mirrors in combination. 

[0003] In recent years, integration levels of the 
semiconductor devices have become increasingly higher, 
and a size of a pattern transferred onto a substrate has 
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become even finer. Therefore, in order to transfer a fine 
mask pattern onto a photosensitive surface of a wafer, 
extremely high optical properties with high resolution 
and almost no aberration are required for a projection 
5 optical system of an exposure apparatus. To satisfy such 
requirements, remarkably high quality and accuracy are 
needed for the optical properties in design of the 
projection optical system, the accuracy of components 
such as internal homogeneity and grinding accuracy of 

10 optical components such as lenses structuring the 

projection optical system, and the adjustment accuracy in 
assembling respective optical components. Simultaneously, 
high accuracy is also required for a method of evaluating 
the actual image forming quality of the assembled 

15 projection optical system. 

[0004] As methods of evaluating the image forming quality 
of a projection optical system, a method in which an 
aerial image of a mask pattern formed on a photosensitive 
surface of a wafer is observed, and the image forming 

20 quality is evaluated based on the aerial image, and a 

method in which an actual resist image transferred onto a 
resist forming a photosensitive surface of a wafer is 
measured and the image forming quality is evaluated based 
on the resist image have been used. In addition, a method 

25 has been used in which the wavefront aberration having 

passed through the projection optical system is measured, 
and the image forming quality is evaluated using a 
difference between a maximum value and a minimum value of 
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the wavefront aberration (hereinafter referred to as a 
"P-V value") and a root-mean-square value (hereinafter 
referred to as a "RMS value") as evaluation indexes. In 
this case, it has been thought that the smaller a P-V 
5 value or a RMS value is, the more superior an optical 

system is. Therefore, conventional optical systems being 
regarded as having "high quality" have been manufactured 
for the purpose of decreasing these values. 
[0005] 

10 [Problems to Be Solved by the Invention] 

However, it took a long period of time to complete a 
projection optical system with a small P-V value and/or 
RMS value of the wavefront aberration, and for the reason 
its mass production was difficult. Further, with the 

15 projection optical system manufactured in such method, it 
is not rare that the evaluation using an aerial image or 
an actual resist image shows differences even when the P- 
V value or the RMS value of the wavefront aberration is 
same. In other words, desirable optical properties cannot 

20 be obtained at times in the conventional evaluating 

method using the P-V value or the RMS value. And, when a 
mask pattern is transferred onto a photosensitive 
substrate by a projection optical system which does not 
attain the desirable optical properties, it is difficult 

25 to manufacture various types of devices such as 

semiconductor devices with higher integration levels. 
Accordingly, the object of the present invention is to 
provide an evaluating method for indicating the image 
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forming quality of an optical system more accurately. 
[0006] 

[Means to Solve the Problems] The present invention is 
made to solve the above problems, and more particularly , 
5 according to the present invention, there is provided a 
method of evaluating image forming quality of an optical 
system, wherein wavefront aberration having passed 
through the optical system is divided into a rotational 
symmetry component around a center of a pupil of the 

10 optical system, an odd symmetry component and an even 

symmetry component, and the image forming quality of said 
optical system is evaluated based on the divided 
components. When evaluating, a RMS value (root-mean- 
square value) of each of the rotational symmetry 

15 component, the odd symmetry component and the even 

symmetry component may be used as evaluation indexes of 
the image forming quality of the optical system. 
[0007] Further, according to the present invention, there 
is provided a making method of a projection optical 

20 system which projects an image of a predetermined pattern 
formed on a projection original plate onto a 
photosensitive substrate, comprising: a first process of 
measuring the wavefront aberration of the projection 
optical system; a second process of dividing the 

25 wavefront aberration measured in the first process into a 
rotational symmetry component around a center of a pupil 
of the optical system, an odd symmetry component and an 
even symmetry component; and a third process of adjusting 
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the projection optical system based on the respective 
components divided in the second process. Further, 
according to the present invention, there is provided a 
projection exposure apparatus which projects and 
5 transfers an image of a predetermined pattern formed on a 
projection original plate onto a photosensitive substrate, 
comprising a projection optical system made in the above- 
described method. 
[0008] 

10 [Preferred Embodiment of the Invention] The embodiments 

of the present invention will be described in detail. Fig. 
1 illustrates an exposure apparatus comprising a 
projection optical system to which an evaluating method 
of the present invention is to be applied. A beam having 

15 a specific wavelength not more than 400nm, for example, a 
wavelength of 248. 4nm emitted from a light source 11 
passes through an illumination optical system 12, and 
illuminates a pattern P on a mask 13 with uniform 
illuminance. The beam having passed through the pattern P 

20 forms an image of the pattern P on a photosensitive 

surface of a wafer 15 via a projection optical system 14, 
and thereby the image of the pattern P is transferred 
onto the photosensitive surface on the wafer 15. 
[0009] In order to evaluate image forming quality of the 

25 projection optical system 14, first, wavefront aberration 
of the image forming wavefront having passed through the 
projection optical system 14 is measured. For the 
measurement of the wavefront aberration, Fizeau 



8 

interferometer, Twyman-Green interferometer, Shearing 
interferometer or the like is used. As an example, Fizeau 
interferometer is shown in Fig. 2. A beam emitted from a 
light source 21 is reflected off (or passes through) a 
5 half prism 22 and is incident on a Fizeau lens 23. One 
part of the beam incident on the Fizeau lens 23 is 
reflected off a reference plane 23a of the Fizeau lens 
and becomes a reference beam, which returns to the half 
prism 22 by going backward through an approach route. The 

10 other part of the beam incident on the Fizeau lens 23 
passes through the reference plane 23a and becomes a 
measurement beam. The measurement beam passes through the 
projection optical system 14, and then is reflected off a 
spherical mirror 24 placed on a XY stage 25 and returns 

15 to the half prism 22 by going backward through an 

approach route. The reference beam and the measurement 
beam incident on the half prism 22 pass through (or are 
reflected off) the half prism 22 and form an image of the 
spherical mirror 24 on an image pickup device 26. 

20 [0010] When there is no aberration in the projection 

optical system 14, the measurement beam is incident on 
each point of the spherical mirror 24 in the same phase 
and returns to each point of the reference plane 23a of 
the Fizeau lens in the same phase. Therefore, since a 

25 phase difference between the reference beam and the 
measurement beam is same at each point on the image 
pickup device 26, an image of the spherical mirror 24 has 
a uniform intensity distribution. Meanwhile, when there 
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are aberrations in the projection optical system 14, 
because the phase difference between the reference beam 
and the measurement beam is different at each point on 
the image pickup device 26, interference bands are 
5 observed as the image of the spherical mirror 24. Since 
the measurement beam has passed through the projection 
optical system 14 twice, wavefront aberration W of the 
projection optical system 14 can be obtained by dividing 
the phase difference of the interference bands by two. 

10 [0011] Next, a coordinate system is set on an exit pupil 
plane of the projection optical system 14. Then, the 
obtained wavefront aberration W is indicated using the 
coordinate system, and further is expanded in an 
orthogonal function system. In the present invention, 

15 since the wavefront aberration W is divided into the 

rotational symmetry component around the center of the 
pupil of the optical system, the odd symmetry component 
and the even symmetry component, a polar coordinate is 
used as the coordinate system and a Zernike' s cylindrical 

20 function as the orthogonal function system. 

[0012] The polar coordinate is set on the exit pupil 
plane, and the obtained wavefront aberration W is denoted 
as W (p, 9) . In this case, p is a standardized pupil 
radius that a radius of an exit pupil is standardized to 

25 be 1, and 9 is a radial angle of the polar coordinate. 
Next, the wavefront aberration W (p, 9) is expanded in 
the equation (1) using a Zernike' s cylindrical function 
system Z n (P/ 9) as follows: 
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W (P, G) = SCnZn (p, G) (1) 

In the above equation, C n is an expanded coefficient. 
Further, n=0 to 35 in the Zernike's cylindrical function 
system Z n (p, Q) is as follows. 
[0013] 

n: Z n (p, 6) 
0: 1 

1: pcosG 

2: psinG 

3: 2p 2 -l 

4 : p 2 cos2G 

5: p 2 sin2G 

6: (3p 2 - 2)pcosG 

7: (3p 2 - 2)psinG 

8 : 6p 4 - 6p 2 + 1 

9: p 3 cos3G 

10: p 3 sin3G 

11 : (4p 2 - 3) p 2 cos2G 

12: (4p 2 - 3)p 2 sin2G 

13: (10p 4 - 12p 2 + 3)pcosG 

14: (10p 4 - 12p 2 + 3)psinG 

15: 20p 6 - 30p 4 + 12p 2 -1 

16: p 4 cos4G 

17: p 4 sin4G 

18 : (5p 2 - 4) p 3 cos3G 

19: (5p 2 - 4)p 3 sin3G 

20: (15p 4 - 20p 2 + 6)p 2 cos2G 

21: (15p 4 - 20p 2 + 6)p 2 sin2Q 
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22 : 


(35p 6 - 


• 60p 4 + 30p 2 -4)pcos0 


23 : 


(35p 6 - 


• 60p 4 + 30p 2 -4)psin9 


24 : 


70p 8 - 


140p 6 + 90p 4 -20p 2 + 1 


25 : 


p 5 cos59 


26 : 


p 5 sin59 


27 : 


(6p 2 - 


5) p 4 cos49 


28 : 


(6p 2 - 


5) p 4 sin49 


29 : 


(21p 4 - 


• 30p 2 + 10)p 3 cos39 




(21p 4 - 


• 30p 2 + 10)p 3 sin39 


31 : 


(56p 6 - 


■ 104p 4 + 60p 2 -10)p 2 cos29 


32: 


(56p 6 - 


- 104p 4 + 60p 2 -10)p 2 sin29 


33: 


(126p 8 


- 280p 6 + 210p 4 -60p 2 + 5)pcos9 


34 : 


(126p 8 


- 280p 6 + 210p 4 -60p 2 + 5)psin9 


35: 


252p 10 


- 630p 8 + 560p 6 -210p 4 + 30p 2 - 
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[0014] As is described above, in the conventional 
evaluating method based on the wavefront aberration W, a 
difference between the maximum and minimum of the 
wavefront aberration W (a P-V value) and a RMS value are 

20 used as evaluation indexes. However, even when the 

evaluation using the P-V value and the RMS value shows 
the same value, sometimes the evaluation using an aerial 
image or a resist image shows different optical 
properties depending on the combination of the expanded 

25 coefficients C 0 , Ci, C 2 • • • • of each term. Thus, the 

evaluation using the aerial image or the resist image is 
not always accurately predicted by the P-V value and the 
RMS value of the wavefront aberration W. 
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[0015] Therefore, the inventors of the present invention 
have divided the terms of the equation (1) into the 
following components and have researched them: 

(a) a term not including 0: a rotational symmetry 

5 component in which a value at one coordinate and a value 
at the other coordinate obtained by rotating the one 
coordinate around a center of a pupil an arbitrary angle 
are equal, 

(b) a term including a trigonometric function of oddly 
10 multiplied radial angle 0 such as sin (or cos)0, sin (or 

cos) 30: an odd symmetry component in which a value at one 
coordinate and a value at the other coordinate obtained 
by rotating the one coordinate around a center of a pupil 
an angle of oddly dividing 360 degree are equal, and 

15 (c) a term including a trigonometric function of evenly 

multiplied radial angle 0 such as sin (or cos) 20, sin (or 
cos) 40: an even symmetry component in which a value at 
one coordinate and a value at the other coordinate 
obtained by rotating the one coordinate around a center 

20 of a pupil an angle of evenly dividing 360 degree are 
equal . 

[0016] When the rotational symmetry component, the odd 
symmetry component and the even symmetry component of the 
wavefront aberration W are denoted as W rot , W odd , W eV n, the 
25 equations are as follows: 
W r ot (P, 9) 

=C 0 + C 3 (2p 2 -1) + C 8 (6p 4 - 6p 2 + 1) 
+ Ci 5 (20p 6 - 30p 4 + 12p 2 - 1) 
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+ C 24 (70p 8 - 140p 6 + 90p 4 - 20p 2 + 1) + 

(2) 

Wodd (Pr ©) 

=Ci(pcos9) + C 2 (psin9) + C 6 ((3p 2 - 2)pcos9) 
5 + C 7 ((3p 2 - 2)psin6) + C 9 (p 3 cos39) 

+ Cio (p 3 sin39) + • • • • 

(3) 

Wevn (Pr 9) 

=C 4 (p 2 cos29) + C 5 (p 2 sin29) 
10 + Cn ( (4p 2 - 3) p 2 cos29) 

+ Ci 2 ((4p 2 - 3) p 2 sin29) + C 16 (p 4 cos49) 
+ C17 (p 4 sin49) 

• • • • (4) 

[0017] When the root-mean-square value (RMS value) of the 
15 wavefront aberration W of the equation (1) is denoted as 

r w , the RMS value of the rotational symmetry component W ro t 
of the equation (2) is denoted as r rot , the RMS value of 
the odd symmetry component W ocid of the equation (3) is 
denoted as r odd , and the RMS value of the even symmetry 
20 component W evn of the equation (4) is denoted as r eV n; 
theses RMS values have the following relation. 

(r w ) 2 = (r rot ) 2 + (r odd ) 2 + (r evn ) 2 
[0018] Although it is obvious that r rot has a correlation 
with a spherical aberration, the inventors of the present 
25 invention have researched r Q dd in relation to coma 
aberration and r eV n in relation to astigmatism aberration, 
and as a result, have found that they have strong 
correlations. Accordingly, by using these three RMS 
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values r rot , r 0 dd and r eV n as evaluation indexes for a 
projection optical system, these RMS values can be 
related to the spherical, coma and astigmatism 
aberrations of the actual aerial image and resist image 
5 formed by the projection optical system, and the 
projection optical system can be more rationally designed 
and adjusted. 
[0019] 

[Embodiment 1] Next, concrete examples of the evaluation 

10 will be described by embodiments 1 and 2. In the 
embodiment 1, a relation between the RMS value r odd of the 
odd symmetry component of the wavefront aberration and 
the coma aberration will be indicated. First, the 
quantification of the coma aberration will be described. 

15 As methods of detecting the coma aberration using an 
aerial image and a resist image, various methods have 
long been known. The coma aberration causes a sideways 
shift of an image, and the quantity of the sideways shift 
is different depending on an object structure and a 

20 spatial frequency. Therefore, the coma aberration can be 
quantified using the quantity of the sideways shift. Fig. 
3 illustrates an example of an object structure (mask 
pattern) to detect the coma aberration. Five light 
shielding patterns each having a width L are arranged at 

25 an interval S. In many cases, the interval S and the 
width L are same. When the interval S and the width L are 
equal, the object structure has two behaviors, i.e. a 
fine object on which lines each having the width L (=S) 
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are arranged at the interval S ad infinitum (an object 
having a high spatial frequency) and a big object having 
a width of 9S (an object having a low spatial frequency) . 
[0020] Next, an example of an adjusting method of the 
5 projection optical system will be described. When the 
rotational symmetry component of the wavefront aberration 
exists in the projection optical system, the rotational 
symmetry component of the wavefront aberration can be 
corrected by changing at least one interval out of a 

10 plurality of intervals between optical members that 
structure the projection optical system. When the odd 
symmetry component of the wavefront aberration exists in 
the projection optical system, the odd symmetry component 
and the coma aberration have a close correlation, and if 

15 the coma aberration is simple inner or outer coma 
aberration, the inner or outer coma aberration can be 
corrected by changing at least one interval out of the 
plurality of intervals between the optical members that 
structure the projection optical system. If the coma 

20 aberration is eccentric coma aberration (the coma 
aberration arisen because the optical members are 
eccentric or tilt with respect to an optical axis) , the 
eccentric coma aberration can be corrected by moving at 
least one of the optical members in a direction 

25 perpendicular to the optical axis or tilting at least one 
of the optical members with respect to the optical axis. 
[0021] Further, when the even symmetry component of the 
wavefront aberration exists in the projection optical 
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system, the even symmetry component and the astigmatism 
aberration have a close correlation, and if the 
astigmatism aberration arises due to simple field 
curvature, the even symmetry component can be corrected 
5 by changing at least one interval out of the plurality of 
intervals between the optical members in the projection 
optical system. And, if the astigmatism aberration arises 
at a center of an image plane of the projection optical 
system (an axial astigmatism aberration) , the even 
10 symmetry component can be corrected by rotating at least 
one of the optical members in the projection optical 
system around the optical axis. 

[0022] Figs. 4(a) and (4b) illustrate a light intensity 
distribution on the image plane in the case when an image 

15 of the object is formed using the projection optical 
system. Fig. 4(a) shows the light intensity distribution 
without coma aberration, and Fig. 4(b) shows the light 
intensity distribution with coma aberration. When the 
light intensity distribution of Fig. 4 (b) is sliced at 

20 the light intensity with which a light intensity width L3 
of a center line image among the five lines images 
becomes exactly L x m (m is a magnification of an optical 
system) , and a light intensity width of an image of the 
leftmost line among the five lines is defined as Li and a 

25 light intensity width of an image of the rightmost line 
is defined as L 5 , sizes of Li and L 5 are different. This 
is because the sideways shifts due to the coma aberration 
are different depending on the spatial frequency. Thus, 
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the coma aberration can be quantified utilizing the light 
intensity distribution, by defining, for example, coma 
aberration C as 

C m (Li - L 5 ) / (Li + L 5 ) . 
5 [0023] The inventors of the present invention have 
simulated the cases where the expanded coefficients Ci, C 2 , 
C 6 • • • • of the odd symmetry component W oc id of the wavef ront 
aberration in the equation (3) have various values, using 
Monte Carlo method, and have calculated the RMS value r odd 
10 of the odd symmetry component of the wavefront aberration 
and the coma aberration C in each case. The calculation 
conditions are as mentioned below. 

N.A. of optical system (Numerical aperture): 0.60 
Wavelength A: 248. 4nm 
15 Magnification of projection optical system: 0.2 

Object size L: 1 . Opm 

(Width of center line image L 3 = 0.2ym) 
Number of data: 500 
[0024] Figs. 5(a) and (b) show a relation between the RMS 
20 value r odd of the odd symmetry component of the wavefront 
aberration and the coma aberration. Fig. 5(a) shows the 
case when a coherence factor (a ratio between NA of an 
illumination optical system and NA of a projection 
optical system) is 0.42, and Fig. 5(b) shows the case 
25 when the coherence factor is 0.75. Error bars of a 
vertical axis show average values ± la. As clearly shown 
in these drawings, the inventors have confirmed that the 
RMS value r odd of the odd symmetry component W odd of the 
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wavefront aberration in the projection optical system has 

a strong correlation with the coma aberration. 

[0025] 

[Embodiment 2] Next, in the embodiment 2, a relation 
5 between the RMS value r ev n of the even symmetry component 
of the wavefront aberration and the astigmatism 
aberration will be described. In the same manner as the 
embodiment 1, the inventors have simulated the cases 
where the expanded coefficients C 4 , C5, Cn • • • • of the 
10 even symmetry component W evn of the wavefront aberration 
in the equation (4) have various values, using Monte 
Carlo method, and have calculated the RMS value r eV n of 
the even symmetry component of the wavefront aberration 
and the astigmatism aberration in each case. The 
15 calculation conditions are as mentioned below. 

N.A. of optical system (Numerical aperture): 0.60 
Wavelength A: 248. 4nm 

Magnification of projection optical system: 0.2 
Object shape: Pattern with infinite period 
20 of L = S = 1.0pm 

Number of data: 500 
[0026] 

Figs. 6(a) and (b) show a relation between the RMS value 
r eV n of the even symmetry component of the wavefront 
25 aberration and the astigmatism aberration. Fig. 6(a) 
shows the case when the coherence factor is 0.42, and Fig. 
6(b) shows the case when the coherence factor is 0.75. 
Error bars of a vertical axis show average values ± la. 
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As clearly shown in these drawings, the inventors have 
confirmed that the RMS value r eV n of the even symmetry 
component W evn of the wavefront aberration in the 
projection optical system has a strong correlation with 
5 the astigmatism aberration. Note that the case is 
described above when an optical system of which the image 
forming quality is evaluated is a projection optical 
system of an exposure apparatus, however, the evaluating 
method of the present invention may be undoubtedly 
10 applied to any types of image forming optical systems. 
[0027] 

[Effect of the Invention] As is described above, 
according to the present invention, by dividing wavefront 
aberration passing through an optical system into a 

15 rotational symmetry component around a center of a pupil, 
an odd symmetry component and an even symmetry component, 
and performing the evaluation, theses components can be 
related to spherical, coma and astigmatism aberrations of 
an actual aerial image and resist image formed by the 

20 optical system, and thereby the optical system can be 
designed and adjusted more rationally. 
[Brief Description of the Drawings] 

Fig. 1 schematically illustrates an exposure apparatus 
used for manufacturing semiconductor devices and the like. 

25 

Fig. 2 illustrates a conceptual diagram of wavefront 
aberration measurement by Fizeau interferometer. 
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Fig. 3 illustrates an example of an object structure 
(mask pattern) for detecting coma aberration. 



Fig. 4(a) illustrates a light intensity distribution on 
5 an image plane when an image of the object in Fig. 3 is 
formed by an optical system without the coma aberration, 
and Fig. 4(b) illustrates a light intensity distribution 
on the image plane when an image of the object is formed 
by the optical system with the coma aberration. 

10 

Fig. 5(a) illustrates a relation between a RMS value r oc id 
of an odd symmetry component of wavefront aberration and 
coma aberration C when a coherence factor is 0.42, and 
Fig. 5(b) illustrates the relation when the coherence 
15 factor is 0.75. 



Fig. 6(a) illustrates a relation between a RMS value r ev n 
of an even symmetry component of the wavefront aberration 
and astigmatism aberration when the coherence factor is 
20 0.42, and Fig. 6(b) illustrates the relation when the 
coherence factor is 0.75. 



[References of Major Parts] 



11: Light source 1 

25 13: Mask 1 

15: Wafer 2 

22: Half prism 2 

23a: Reference plane 2 



2: Illumination optical system 

4: Projection optical system 

1 : Light source 

3: Fizeau lens 

4 : spherical mirror 
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25: XY stage 
P: Pattern 



26: Image pickup device 



